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Abstract
Children with executive dysfunction may have a decreased quality of life. 
Neuropsychological tests include the Stroop test, Trail-making Test, Wisconsin Card 
Sorting Test, Continuous Performance Test, and the Rey-Osterrieth Complex Figure Test 
are administered to evaluate the above functions. To broaden the opportunities for clinical 
DSSOLFDWLRQZHKDYHPRGLÀHGWKHVHWHVWVWRPDNHWKHPDSSOLFDEOHWR\RXQJHUFKLOGUHQDQG
to obtain their standard values. The purpose of this research is to study the developmental 
aspects of these tests, focusing on the difference between the original method and the 
modified method. Index scores that reflected executive function were rapidly reduced 
until 9 to 11 years of age, and developments showed a deceleration during the adolescent 
period. This result was comparable with that of the index scores of the original tests. 
We also discussed the involvement of background neuronal maturation associated with 
developmental changes in these tests.
Keywords: executive function, neuropsychological examination, development, neuronal 
maturation
Introduction
Executive functions (EF) generally refer to higher-level cognitive functions that 
are involved in the control and regulation of lower-level cognitive process and goal-
directed, future-oriented behavior 1). Children with higher-level cognitive dysfunction may, 
especially in the school environment, show a decline in their quality of life and an increase 
in maladjusted behavior. Thus, their self-esteem will be significantly affected. To assess 
1
2the above-mentioned dysfunctions, standard psychometric tests including Wechsler s̓ 
Intelligence Scale for Children (WISC) and the Binet Intelligence Test are commonly 
XVHG+RZHYHUWKHVHWHVWVGRQRWHQWLUHO\DQGDSSURSULDWHO\GHVFULEHWKHFRJQLWLYHSURÀOH
Thus, the neuropsychological tests ̿Wisconsin Card Sorting Test (WCST), Rey-Osterrieth 
Complex Figure Test (Rey-CFT), Continuous Performance Test (CPT), Stroop Test and 
Trail-making Test (TMT) ̿ are expected to appropriately describe the above-mentioned 
functions. 
To broaden the opportunities for clinical application, it is essential to modify these 
tests so that they are applicable to younger children and to obtain their standard values. 
In 2004 we started a series of studies 2), 3), 4), 5), 6) on the neuropsychological tests, which are 
consistent with the above objectives. From the beginning of our study, we used existing 
RUQHZO\FUHDWHGWHVWVDQGVLPSOLÀHGWKHSURFHGXUHVRWKDWWKHWHVWVFDQEHFRPSOHWHGE\
smaller children. For the Keio version of the WCST (KWCST) 7), 8) and the Conners  ̓Kiddie 
CPT (K-CPT) 9), preexisting tests were used, and for the Stroop Test and the TMT we 
made changes based on the original tests 4), 6). For the assessment of Rey-CFT assessment, 
we used the Boston Qualitative Scoring System (BQSS) 10). This enables a more detailed 
evaluation than the DSS, which is commonly used to evaluate children. We have already 
reported the standard values of various index scores for the above-mentioned neurological 
tests from childhood to adolescence and/or adulthood, elsewhere since 2004 2), 3), 4), 5), 6). For 
GHYHORSPHQWDODVSHFWVKRZHYHUZHKDYHQRWFRPSDUHGRXUUHVXOWVRIXVLQJPRGLÀHGWHVWV
RUGLIIHUHQWHYDOXDWLRQPHWKRGVVXIÀFLHQWO\ZLWKWKRVHXVLQJWKHRULJLQDOWHVWVRUFRPPRQO\
used evaluation methods.
This study, therefore, aims to summarize the functions that could be evaluated by 
each neuropsychological tests and then to compare the developmental trajectories of the 
DERYHPHQWLRQHGLQGH[VFRUHVPHDVXUHGXVLQJWKHPRGLÀHGWHVWVFRPSDUHGWRWKRVHRIWKH
original test. We also discuss the involvement of background neuron maturation associated 
with developmental changes in these tests.
Methods 
7DEOHVXPPDUL]HVWKHNH\SRLQWVRQWKHPRGLÀFDWLRQRUDSSOLFDWLRQRIWKH6WURRS
Test 4), TMT 11), KWCST 7), 8), KCPT 9) and Rey-CFT 10))RUWKH6WURRS7HVWZHPRGLÀHGWKH
original test by reducing the number of stimuli from the original 100 to 24, and we used 
Japanese Kana script instead of alphabet letters. For the TMT, we used Japanese Kana 
script instead of alphabet letters. The Keio version Wisconsin Card Sorting Test (KWCST) 
was modified from the WCST by Kashima et al 7), 8) reducing the response card from the 
original 128 to 48. This test is divided into two steps and brief instruction are given as a 
眞田敏／加戸陽子／津島靖子／平澤利美／新谷真似／中野広輔／荻野竜也
3KLQWEHIRUHWKHVHFRQGVWHS)RUWKH&37ZHXWLOL]HGWKH.&37&RQQHUVPRGLÀHGWKHWHVW
from his original version to the KCPT using pictures instead of alphabet letters. For the 
Rey-CFT, we used the BQSS for the assessment, as described above.
7DEOH.H\SRLQWVRQWKHPRGLÀFDWLRQRIQHXURSV\FKRORJLFDOWHVWV
 
 
 
 
 
 
ࠉ
The following index scores for each test were investigated in this study: Word 
reading (WR), color naming (CN), and incongruent color naming (ICN) for the Stroop 
Test; perseverative errors of Nelson (PEN) and difficulty of maintaining set (DMS) for 
the KWCST; omissions error (OE) and commissions error (CE) for the KCPT; and copy 
presence and accuracy (CPA), immediate presence and accuracy (IPA), delayed presence 
and accuracy (DPA), and organization (ORG) for the Rey-CFT. For the TMT, we examined 
the execution time for Part A and Part B.
Results
1)  Target function of the neuropsychological tests 
Levin, et al (1991) 12) investigated on the developmental changes in performance on 
cognitive and memory tests, and in this study, they described the tests that were purported 
to reflect the frontal lobe function. Before and after this study, many researchers had 
studied on this issue and now it is generally believed that neuropsychological tests can 
assess EF. A subclass of the EF and representative study about these functions are 
summarized in the Table 2. EF subdivision is attention, inhibition, mental flexibility, 
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4planning, working memory, visual search and visuospatial organization.     
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52)  Developmental aspects
The Figure shows the developmental trajectories of the various index scores in the 
Stroop Test, TMT, K-CPT, KWCST, and Rey-CFT.ࠉ
Figure. Developmental trajectories in the neuropsychological tests
In the Stroop Test, developmental trajectory showed the greatest change in ICN 
scores compared to the other two index scores in those who were 6 to 19 years old. 
Similarly, for TMT, the trajectory of the part B scores showed a more remarkable change 
than that of part A scores in the same ages range. For the KWCST, the trajectory of the 
ÀUVWVWHSRI3(1VKRZHGPRUHUHPDUNDEOHFKDQJHWKDQWKDWRIWKHÀUVWVWHSRI'06DQG
for the KCPT, the OE trajectory was more marked than that of CE. The trajectory of ICN 
IRUWKH6WURRS7HVWSDUW%VFRUHVRIWKH707WKHÀUVWVWHSRIWKH3(1IRUWKH.:&67DQG
OE for the KCPT showed a similar pattern: scores decreased rapidly until 9 to 11 years of 
age, and developments showed deceleration during the adolescent period. For the Rey-CFT, 
trajectories of IPA, DPA and ORG scores improved steadily until 16 years of age, while CPA 
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6scores improved until 11 years of age.
Table 2 shows the comparison between the development trajectory by the original 
WHVWDQGWKDWRIWKHPRGLÀHGWHVW$GGLWLRQDOO\UHVXOWVRIWKH5H\&)7DVVHVVHGXVLQJ'66
were compared to those of our results assessed using BQSS. These results are also shown 
in Table 2.
Index scores such as Part B of the TMT, first step of PEN for the KWCST, OE of 
the KCPT, and IPA, DPA, and ORG of the Rey-CFT continuously improved until the end 
point of our study for 16 to 19-year-olds, and the slope of the development curve ended with 
downward trend.
Discussion
There were notable differences among the developmental changes in the index scores 
in the same tests, such as the ICN score vs. CN and WR scores; Part B score vs. Part A 
VFRUHÀUVWVWHSRIWKH3(1VFRUHYVÀUVWVWHSRI'06VFRUH2(YV&(VFRUH'3$,3$DQG
ORG score vs. CPA score. The second items in each comparison are indices to respond to 
relatively simple tasks, and EF is presumed to be minimally involved or not involved in the 
execution of this task; the discrepancy in the results between the former and latter indices 
might arise from different levels of EF involvement. Because the slope of the development 
FXUYHRILQGH[VFRUHVVXFKDV3DUW%RIWKH707ÀUVWVWHSRI3(1IRUWKH.:&672(RI
the KCPT, and IPA, DPA and ORG of the Rey-CFT ended with a negative slope, we suggest 
that the index score strongly related to EF is delayed in completion of maturation and 
continues until adulthood.
Developmental changes in the latency of visual evoked potential or the auditory 
brainstem response to evaluate sensory afferent pathways and the special sensory area, 
DQGFKDQJHVLQWKHEOLQNUHÁH[WRHYDOXDWHWKHEUDLQVWHPUHÁH[DUFKDYHEHHQVWXGLHVDQG
a critical developmental period was reported to be as early as one month of life to 3 years 
of age 24). Holmes (1978) 25) described in his review article, which dealt with the maturation 
of the central nervous system that elaboration of dendritic and axonal branches, formation 
of synapses, myelination, and biochemical maturation of neurons and glial cells play a key 
role in the remarkable changes in EPs with age. Dobbing and Sands (1973) 26) indicated the 
endpoint of the myelin development as 3 to 4 postnatal years for the whole brain, forebrain, 
cerebellum and brainstem. Based on this report, it is conceivable that EP development 
is critically dependent on myelination, but the development of many index scores in 
neuropsychological tests depends on the subsequent development of structures such as 
dendrites, and synapses etc. Yakovlev and Lecours (1967) 27), however, described that most 
PDMRUWUDFWVDUHVLJQLÀFDQWO\P\HOLQDWHGE\HDUO\FKLOGKRRGDQGD[RQVZLWKLQWKHFRUWH[
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7and in some regions such as the arcuate fasciculus, which is a white matter bundle near 
the temporal lobe, continue to myelinate into the second and third decades of life, and thus, 
involvement of myelination for the improvement of the neuropsychological test scores until 
adulthood could not be ruled out. Additionally, Lenroot and Giedd (2006) 28) reported the 
VLJQLÀFDQFHRIUHPRGHOLQJRIJUD\DQGZKLWHPDWWHUWKDWFRQWLQXHVLQWRWKHWKLUGGHFDGH
of life which was revealed by their recent MRI studies. As a conclusion, to develop index 
scores evaluating EF, myelination, dendritic, and axonal branches, formation of synapses, 
and biochemical maturation of neurons and glial cells, as well as remodeling of gray matter 
and white matter should also be considered to be important in a supplementary role.
For the applicable age of the test, the OE of the KCPT was thought to be appropriate 
only for the younger ages because the floor effect was observed at 10 to 12 years of age. 
Other indices, however, they seemed to be usable without setting restrictions for the 
applicable age because we recognized developmental changes equivalent to those of the 
original version.
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㑥ᩥせ᪨
ᅕኺ࣎ྸܖႎ౨௹ǛဇƍƯᚸ̖ƠƨܱᘍೞᏡƷႆᢋႎ᩿ͨ
┾⏣ࠉᩄࠊຍᡞ㝧Ꮚࠊὠᓥ㟹Ꮚࠊᖹ⃝฼⨾ࠊ᪂㇂┿ఝࠊ୰㔝ᗈ㍜ࠊⲶ㔝❳ஓ
ࠉᐇ⾜ᶵ⬟ࡢ㞀ᐖࡣࠊᏊ࡝ࡶࡢ⏕άࡢ㉁ࡢపୗ࡟ࡘ࡞ࡀࡿྍ⬟ᛶࡀ࠶ࡿࡓࡵࠊStroop Testࠊ
Trail Making TestࠊWisconsin Card Sorting TestࠊContinuous Performance TestࠊRey-
Osterrieth Complex Figure Test࡞࡝ࡢ⚄⤒ᚰ⌮Ꮫⓗ᳨ᰝࢆ⏝࠸࡚ྠᶵ⬟ࢆ㐺ษ࡟ホ౯ࡍࡿࡇ࡜
ࡀồࡵࡽࢀ࡚࠸ࡿࠋ ࡍ࡛࡟ᡃࠎࡣࠊࡇࢀࡽ᳨ᰝࡢ⮫ᗋᛂ⏝ࡢᶵ఍ࢆᗈࡆࡿࡓࡵ࡟ࠊపᖺ㱋ࡢᏊ࡝
ࡶ࡟㐺⏝ࡀྍ⬟࡞▷⦰∧ࢆ㛤Ⓨࡋᡂᯝࡢሗ࿌ࢆ⾜ࡗ࡚ࡁࡓࠋ ᮏ◊✲ࡣࠊᚑ᮶ࡢ᪉ἲ࡜▷⦰໬ࡉࢀ
ࡓ᪉ἲ࡜ࡢᡂ⦼ࡢ㐪࠸࡟↔Ⅼࢆᙜ࡚ࠊࡇࢀࡽࡢࢸࢫࢺࡢⓎ㐩ⓗഃ㠃ࢆ◊✲ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ 
ᐇ⾜ᶵ⬟ࢆ཯ᫎࡋࡓᣦᶆࡢࢫࢥ࢔ࡣࠊ9ṓ࠿ࡽ 11ṓࡲ࡛ᛴ㏿࡟ῶᑡࡋࠊⓎ㐩ࡣ㟷ᖺᮇ࡟ῶ㏿ഴྥ
ࢆ♧ࡋࡓࠋ ࡇࡢ⤖ᯝࡣࠊᚑ᮶ࡢ᳨ᰝࡢᣦᩘࢫࢥ࢔࡜ྠ➼࡛࠶ࡗࡓࠋ ᡃࠎࡣࡲࡓࠊࡇࢀࡽࡢ᳨ᰝᣦ
ᶆ࡟࠾ࡅࡿⓎ㐩ⓗኚ໬࡜⫼ᬒ࡟Ꮡᅾࡍࡿࢽ࣮ࣗࣟࣥᡂ⇍㐣⛬࡜ࡢ㛵㐃࡟ࡘ࠸࡚ࡶ⪃ᐹࡋࡓࠋ
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